Summary.-Intraperitoneal diffusion chambers have been used to investigate changes in humoral factors during the development of myeloid leukaemia in mice.
FACTORS which are able to stimulate or inhibit the growth of granulocytic colonies in agar cultures of bone marrow cells in vitro are present in serum. The changes in these serum factors found in patients and in mice during the development of leukaemia, and the responsiveness of leukaemic cells to stimulation and inhibition, led to the hypothesis that defects in granulopoietic regulation may play a part in the development of leukaemia (Metcalf, 1971) .
Several culture techniques have recently been applied to studies of humoral factors affecting haemopoiesis at the level of early granulocytic progenitor cells. These systems include the in vitro agar colony assay (Pluznik and Sachs, 1965; Bradley and Metcalf, 1966) , the diffusion chamber technique described by Boyum et al. (1972) and the Agar Diffusion Chamber (ADC) assay (Gordon, 1974a) .
The formation of granulocytic and macrophage colonies in agar in vitro and in ADCs, and the production of granulocytes and macrophages which are recovered in suspension from conventional diffusion chambers suggest that the culture systems measure closely related populations of granulopoietic cells. Furthermore, the growth of colonies (CFU-C) in vitro requires the presence of Colony Stimulating Factor (CSF) and cells in diffusion chambers have been shown to be exposed to this factor (Gordon and Blackett, 1975) .
There is some evidence that CSF may act as a regulator of granulopoiesis in vivo. CSF is present in the serum and has been shown to have detectable haematological effects when reinjected into mice (Metcalf and Stanley, 1.971) . Quesenberry et al. (1973) have investigated the effects of endotoxin on granulopoiesis and conclude that elevated CSF levels may lead to differentiation of in vitro colony precursor cells in the marrow. Serum CSF levels are also increased during infection (Metcalf and Wahren, 1968) and after irradiation (Morley et al. 1971 As well as being exposed to CSF when diffusion chambers are incubated in untreated mice (Gordon and Blackett, 1975) , bone marrow cells appear to be stimulated when pretreatment of the host alters the level of CSF in the serum. Thus preirradiation of the host increases the yield of cells or colonies in diffusion chambers (Boyum et al., 1972; Gordon, unpublished data) and has been shown to increase the level of serum CSF (Morley et al., 1971) .
Elevated CSF levels have been found in the sera of man and mice bearing various types of leukaemia (Metcalf, 1971; Metcalf and Foster, 1967; Robinson, Metcalf and Bradley, 1967) .
This communication reports evidence for changes in the level of a substance influencing granulopoiesis during the development of transplanted myeloid leukaemia in RFM mice. These changes are shown to be related to a factor capable of stimulating colony formation in agar culture in vitro and are discussed in relation to the growth of the leukaemic cell population in vivo.
MATERIALS AND METHODS
The cell line of myeloid leukaemia was maintained by serial passage in RFM mice. Intravenous injection of 5 x 105 nucleated cells from the spleen of a terminally leukaemic donor results in the death of all recipient micO by the 9th day after transplantation.
The construction and use of ADCs and the method used for the in vitro culture of haemopoietic cells have been described in detail (Gordon, 1974a; Gordon and Coggle, 1974) . The in vitro culture experiments were set up to assay the colony stimulating activity of the peritoneal fluid entering the chambers. To this end, empty chambers were inserted into the peritoneal cavity of mice and 4 days later the fluid which had accumulated in the chambers was collected and tested in agar culture in vitro.
The spleen colony technique of Till and McCulloch (1961) was used to follow the increase in leukaemic spleen colony forming cells in the bone marrow, spleen and liver during the development of myeloid leukaemia.
RESULTS
An Varlier paper (Gordon, 1974a) reported that incubation of ADCs in leukaemic RFM mice stimulated the formation of granulocytic colonies from normal mouse bone marrow cells. The present experiments were designed to investigate possible cell or humorally mediated effects of leukaemia on normal granulopoiesis using this in vivo culture system.
To determine whether changes in the stimulation of normal cultured bone marrow cells occurred during the development of leukaemia, a total chamber incubation period of 8 days was divided into 2 stages of 4 days. The ADC hosts used for this experiment were from 3 groups: normal RFM mice, mice during the first 4 days of the development of leukaemia (early leukaemic) or mice between the 4th and 8th day of leukaemia (advanced leukaemic). After 4 days incubation in one group of animals, the chambers were transferred to mice from one of the other 2 groups for a further 4 days ( Table I) . As a control for this experiment, chambers were transferred from one group of normal animals into a second group of normal animals. The early stages of leukaemia were found to inhibit, and the advanced stages to stimulate, colony formation when incubation in leukaemic mice preceded incubation in normal mice. When advanced leukaemic mice followed early leukaemic mice as chamber hosts the stimulating effect was predominant. However, when the timing of leukaemia, with respect to chamber incubation, was reversed (advanced leukaemic hosts followed by early leukaemic hosts), colony formation was suppressed to below the control yield. The data given in Table II show that splenectomy abolishes the stimulation of normal bone marrow colony formation seen in intact leukaemic mice. The humoral basis for the observed effects of a leukaemic environment on normal bone marrow cells cultured in diffusion chambers was investigated further using the in vitro agar culture technique for bone marrow colony forming cells (CFU-C); sealed empty diffusion chambers were incubated in the peritoneal cavity for 4 days and the fluid accumulating in the chambers was assayed for colony stimulating activity in vitro.
Diffusion chamber fluid was collected from normal RFM mice and from intact or splenectomized leukaemic mice during both the early and the late stages of the development of the disease. The results (Fig. 1) demonstrate that cells incubated in chambers in normal mice are exposed to a factor which is able to stimulate colony n L-levels of colony stimulating activity were detected during the later stages of the disease. These results agree with the timing of high and low colony yields when the chambers were incubated in early and advanced leukaemic mice (vide supra). Furthermore, the levels of colony stimulating activity recovered from splenectomized leukaemic mice were lower than normal during both the early and advanced stages. Thus, in all situations investigated there was a good correlation between the enhancement or suppression of colony numbers scored in diffusion chambers and the level of colony stimulating activity detected by the in vitro assay.
The number of normal bone marrow cells forming colonies in ADCs falls dramatically during the development of myeloid leukaemia in RFM mice (Gordon, 1974a) . To ascertain whether this decrease could, at least in part, be attributed to an interaction between normal and leukaemic cells, experiments were set up in which mixtures of normal and terminally leukaemic bone marrow cells were cultured. These experiments were based on the assumption that as the number of leukaemic cells in the marrow increases during the development of leukaemia, the ratio between normal and leukaemic cell numbers will change, whether normal cell numbers decrease or are maintained. Accordingly, different ratios of normal and terminally leukaemic bone marrow cells were cultured in ADCs, the total number of cells per chamber being kept constant. The results are shown in Fig. 2 the proportion of normal and leukaemic cells respectively. The observed colony yields coincide with the expected yields, indicating that there is no interaction between normal and leukaemic cells in this culture system. The expansion of the leukaemic cell population was followed, using the spleen colony assay, in an attempt to relate the spread of these cells to changes in bone marrow inhibition and stimulation observed on cultured cells. Myeloid leukaemia CFU (MLCFU) can be distinguished from normal haemopoietic CFU by their exceptionally large size. Cells from these spleen colonies have been transplanted into secondary RFM recipient mice: an inoculum of 5 x 105 nucleated cells per mouse resulted in the death of all recipients on the 10th day after injection, demonstrating the leukaemic origin of these colonies.
The bone marrow, spleen and liver are shown in Fig. 3 . The increases in the numbers of colony forming cells are exponential and tend to plateau by the 7th day after donor transplantation. It is therefore unlikely that a difference in the rate of leukaemic cell proliferation is responsible for the changes in effect on normal bone marrow cells in culture.
DISCUSSION
The observation that incubation of ADCs in leukaemic mice stimulates normal bone marrow colony formation (Gordon, 1974a ) is consistent with increases in the levels of CSF in leukaemic mice (Metcalf and Foster, 1967; Robinson et al., 1967) and patients (Metcalf, 1971) . The present studies show that the effects of leukaemia on normal cell proliferation change from suppression to marked stimulation as leukaemia progresses and that these changes are mediated by humoral factors rather than by cell-cell interactions. Metcalf (1971) has suggested that leukaemia may be an expression of conditioned neoplasia in which the proliferative behaviour of the leukaemic cells is partly under regulator control. This hypothesis is based on the high incidence of regulator abnormalities detected by the stimulation or inhibition of normal bone marrow cells in vitro, and on the responsiveness of cultured leukaemic cells to these regulatory substances.
Certain patients with a high risk of developing acute myeloid leukaemia provide an opportunity for investigating regulator imbalances in a " preleukaemic " state (Metcalf, 1971) . However, studies of a small number of these patients indicate that their serum CSF levels are also elevated while their inhibitor levels are subnormal. Although these me.surements of colony stimulating activity from potentially leukaemic patients may indicate that the initial stage of subnormal colony stimulation is a feature pequliar to myeloid leukaemia in RFM mice and not applicable to man, Greenberg, Nichols and Schrier (1970) have reported tl,at peripheral white cells from " preleu aemic " patients make poor or inactive feeder layers for stimulating normal bone marrow colony formation.
Removal of the spleen abolishes the stimulatory effect of leukaemia on normal bone marrow cells cultured in ADCs. In contrast, the use of normal splenectomized mice as chamber hosts increases the colony forming efficiency of normal bone marrow cells in this culture system (Gordon, unpublished data) . This effect of splenectomy suggests that the leukaemic spleen plays a major role in the production of the stimulus detected in the diffusion chambers, while the subnormal colony formation observed in chambers incubated in splenectomized leukaemic mice points to the presence of an inhibitor which may be revealed only after removal of the spleen. Conflicting evidence is provided by preliminary experiments using medium conditioned by leukaemic spleen cells (LSCM) in the in vitro culture system; the addition of LSCM to cultures stimulated by CSF has been found to inhibit colony formation, although no inhibition was seen when medium conditioned by normal spleen cells was tested in this way (Gordon, unpublished data) . Further work is required to determine the specificity and significance of this inhibitory factor.
There is no evidence to suggest any cell-cell interaction between normal and leukaemic bone marrow cells cultured in ADCs. This finding is in contrast to results reported previously (Gordon and Coggle, 1974) where the presence of normal and leukaemic spleen or bone marrow cells together in agar culture in vitro was found to modify the yield of colonies (CFU-C). Cells taken from mice with myelomonocytic leukaemia have also been shown to stimulate the growth of normal bone marrow colonies in vitro, although cells from lymphoid leukaemia, erythroleukaemia or plasma cell tumours were ineffective in this respect (Metcalf, Moore and Warner, 1969) . The expansion of the leukaemic cell population in the spleen, bone marrow and liver of RFM mice, assayed by spleen colony formation, shows exponential and plateau phases which are similar to the growth curves reported by Tanaka, Craig and Lajtha (1970) . There is no substantial difference in the growth rate between the early and late stages of the disease which could account for the effects of leukaemia on cultured cells. Moreover, splenectomy does not alter the survival time of leukaemic mice or the development of the leukaemic blood picture (Gordon, 1974b) although this operation alters the levels of humoral factors detected. This paper has reported results which show that the combined effects of factors which inhibit or stimulate granulopoiesis change radically during the development of transplantable myeloid leukaemia in RFM mice. These data may be compared with the increased CSF levels associated with leukaemia in man, although evidence of an early phase characterized by low levels of stimulation has not been found among "preleukaemic" patients.
Successful treatment of leukaemia depends on repopulation of the marrow by normal haemopoietic cells, which are also affected by changes in regulator substances. Knowledge of changes in the levels of humoral factors, according to the extent of the disease, may aid the design of treatment to allow a greater selective advantage to normal cell growth.
We wish to acknowledge the financial support of the Cancer Research Campaign.
